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Summary
Objective: This study evaluated the longitudinal performance of a modiﬁed Lyon schuss (LS) knee examination in the detection of radiographic
joint space narrowing (JSN) in knees with osteoarthritis (OA). The modiﬁed LS exam entails two to four iterative acquisitions with empirically
adjusted angulation of the X-ray beam to achieve superimposition of the anterior and posterior margins of the medial tibial plateau (MTP),
a marker of parallel radioanatomic alignment that the original LS exam achieves with ﬂuoroscopically guided beam angulation.
Methods: Seventy-four obese women with symptomatic knee OA underwent LS and ﬁxed-ﬂexion (FF, caudal 10 beam angulation) X-ray
exams at baseline and 1 year later. For 47 subjects, beam angulation for both LS exams was guided by ﬂuoroscopy. For 27 subjects, the
modiﬁed LS exam was performed at one or both times. Modiﬁed and original LS procedures were evaluated relative to concurrent FF radio-
graphs with respect to the inter-margin distance (IMD) at the MTP midpoint (quality and reproducibility of alignment) and sensitivity to JSN.
Results: Compared to FF radiographs, modiﬁed LS radiographs afforded a smaller mean IMD at baseline (0.89 vs 2.06 mm, P¼ 0.002), more
reproducible IMD (mean change¼ 0.49 vs 0.91 mm, P¼ 0.007) and more rapid JSN (mean¼ 0.25 vs 0.02 mm/yr, P¼ 0.005). These differ-
ences paralleled those observed between original LS and FF procedures with respect to baseline alignment (0.96 vs 1.94 mm, P< 0.001),
reproducibility of alignment (0.49 vs 1.00 mm, P< 0.001) and sensitivity to JSN (0.16 vs 0.01 mm/yr, P¼ 0.007).
Conclusion: In clinical centers where the absence of ﬂuoroscopy equipment precludes use of the original LS protocol, a modiﬁed procedure
employing iterative, empirical adjustment of the beam angle to achieve parallel radioanatomic alignment with the MTP affords a degree of
superiority over the FF protocol with respect to quality and reproducibility of positioning and sensitivity to JSN in OA knees similar to that
of the original.
ª 2008 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Introduction
Plain knee radiography by methods designed to standardize
the positioning of the joint during serial examinations is the
currently accepted gold standard for documenting loss of
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1555modiﬁcation of osteoarthritis (OA) of the knee . The most
established protocols for standardized knee radiography uti-
lize ﬂuoroscopy to guide knee ﬂexion and angulation of the
central X-ray beam to achieve reproducible parallel align-
ment of themedial tibial plateau (MTP)5,6. Parallel MTP align-
ment has been deﬁned operationally as superimposition of
the anterior and posterior margins of the MTP5,7. Numerous
studies have shown that, compared to serial radiographs in
which MTP alignment is either consistently skewed, or vari-
able over time, those with reproduced parallel alignment
are more sensitive to radiographic joint space narrowing
(JSN) in OA knees5e10.
Despite their technical advantages, ﬂuoroscopically stan-
dardized protocols for knee radiography are of limited
1556 S. A. Mazzuca et al.: Standardized radiography of knee osteoarthritispracticability because of costs and radiation exposure asso-
ciated with ﬂuoroscopy, as well as the scarcity of compati-
ble equipment in many clinical centers conducting
research on knee OA. These limitations have led to the de-
velopment of alternative, non-ﬂuoroscopically assisted posi-
tioning protocols11,12 that are based on empirically derived
standards for knee ﬂexion and beam angulation. While
yielding highly reproducible measurements of JSW in re-
peat exams over short periods of time11e13, these simpler
methods do not appear to be as sensitive to JSN in OA
knees as their ﬂuoroscopically standardized counter-
parts9,10. Head-to-head comparisons of ﬂuoroscopic and
non-ﬂuoroscopic positioning protocols in the same subjects
are rare14, but results are consistent with those of cross-
study comparisons: both have implicated skewed and/or
longitudinally variable MTP alignment in the suboptimal
sensitivity to JSN of non-ﬂuoroscopic positioning protocols.
Nonetheless, interest in easily exportable methods of stan-
dardized knee radiography remains high. The need for contin-
ued innovation in this area was illustrated in a recent
multicenter longitudinal study of knee OA (A9001140), in
which a direct comparison of the ﬂuoroscopically assisted
Lyon schuss (LS) radiograph6 and its empirically based,
non-ﬂuoroscopic counterpart [i.e., the ﬁxed-ﬂexion (FF)
view11] was planned. The seven clinical centers in this study
employed a heterogeneous array of C-arm and rad-ﬂuoro
(R&F) conﬁgurations to perform the LS examination. Some
conﬁgurationswere technically challenging, and ﬂuoroscopes
at two centers were retired during the study. To preserve the
capacity of all centers to perform standardized knee radiogra-
phy with optimal joint-speciﬁc beam angulation, the coordinat-
ing center for the study developed and implemented in three
of the centers amodiﬁedLSprocedure that eschewed ﬂuoros-
copy in favor of multiple acquisitions of plain knee radio-
graphs15. The number of acquisitions in each examination
(four maximum) was governed by the radioanatomic align-
ment of the MTP apparent in the radiograph. If the ﬁrst radio-
graph, acquired with 10 caudal angulation, exhibited skewed
alignment, the examwas repeated. Each iteration of the exam
occurredwith a small adjustment of beamangulation until par-
allel MTP alignment was achieved. Herein we describe the
performance of the modiﬁed LS knee radiograph with respect
to the quality and reproducibility of positioning and its sensitiv-
ity to progressive JSN in OA knees.Materials and methodsOVERVIEWSeventy-four subjects with deﬁnite knee OA from seven clinical centers in
the United States underwent LS and FF X-ray examinations at baseline and
1 year later. For subjects at four centers (N¼ 47), the LS examination
followed the original protocol described by Piperno et al.6, by which ﬂuoros-
copy was used to guide angulation of the central X-ray beam to achieve
superimposition of the anterior and posterior margins of the MTP (Fig. 1).
For subjects at three centers (N¼ 27), a modiﬁed LS exam was performed
at one or both times, beginning with an image acquired with 10 caudal
beam angulation. If superimposition of the anterior and posterior margins
of the MTP was not apparent [i.e., if the inter-margin distance (IMD) at the
midpoint of the MTP appeared >1.5 mm], up to three additional images
were obtained with small adjustments of angulation until the IMD was
1.5 mm. Quality control (QC) of LS radiographs was performed both locally
and centrally (see below), and repeat LS exams were indicated when MTP
alignment was not parallel.SUBJECTS AND SIGNAL KNEESAll subjects were women with body mass index (BMI) 30 kg/m2 and
symptomatic unilateral or bilateral knee OA at baseline. Designation of the
signal knee was based on the presence of grade 2 or 3 radiographic OAby Kellgren and Lawrence (K&L) criteria16 and minimum medial JSW
>2.0 mm in the LS radiograph.
In subjects with unilateral knee OA, the signal knee was the one affected
by OA. In subjects with bilateral disease, the signal knee was the more
symptomatic joint, as determined by the pain scale of the Western Ontario
and McMaster Universities (WOMAC) OA Index17. If pain scores for both
knees were identical, the knee with the more advanced radiographic
changes of OA was designated the signal knee. If knees were identical
with respect to pain and radiographic severity of OA, the knee in the subject’s
dominant leg (e.g., the one the subject would use to kick a ball) was selected
for longitudinal observation.KNEE RADIOGRAPHY AND QCShoes were removed for all radiographic knee examinations. Subjects
were instructed to distribute their body weight evenly across both knees.
Knee ﬂexion and rotation for all knee examinations were standardized in
‘‘schuss position’’ by use of a SynaFlexer positioning frame (Synarc,
Inc.; San Francisco, CA). The foot was placed against a V-shaped wedge
on the ﬂoor of the frame (ﬁxing external rotation at 10) with the great toe
touching the anterior wall [Fig. 1(A)]. Knees and thighs were pressed directly
against the wall of the frame, the outer surface of which was in contact with
the ﬁlm cassette or upright tabletop of the radiographic unit. In this fashion,
coplanar alignment of the great toe, patella and thigh resulted in standard-
ized, reproducible positioning of the knee in approximately 20 of ﬂexion.
The X-ray beam was centered on the joint line, and the posteroanterior
(PA) knee radiograph acquired.
All seven clinical centers acquired FF radiographs according to the proto-
col described by Peterfy et al.11 with standard 10 caudal angulation of the
central X-ray beam. Four clinical centers performed all LS examinations ac-
cording to procedures originally described by Piperno et al.6, which entailed
use of ﬂuoroscopy to ascertain the knee-speciﬁc beam angle that resulted in
superimposition (1.5 mm) of the anterior and posterior margins of the MTP
[Fig. 1(B)]. The 1.5-mm QC criterion was adopted to take advantage of 3-mm
reference beads that were imbedded in the SynaFlexer frame to serve as
markers of radiographic magniﬁcation. After acquisition of the LS radiograph,
the radiologic technologist was instructed to conﬁrm that superimposition
seen in the ﬂuoroscope was captured by the radiograph (i.e., that the subject
did not move). If skewed MTP alignment was apparent in the LS radiograph
(i.e., if the IMD was >1.5 mm), the examination was repeated once, and the
LS radiograph with MTP alignment closer to parallel (i.e., with the smaller
IMD) was accepted.
The modiﬁed LS examination15 introduced at three clinical centers began
with positioning of the knee as described above and an initial acquisition with
10 caudal angulation of the X-ray beam. If MTP alignment in the initial im-
age was skewed (i.e., IMD> 1.5 mm), the technologist was instructed to re-
peat the examination with a 1-unit caudal or cranial increment in the beam
angle (1e2, depending on the calibration of the equipment or bubble goni-
ometer) and to evaluate whether MTP alignment in the repeat radiograph
was satisfactorily parallel. Up to two further iterations of the procedure,
with further adjustment of the beam angle, were permitted to identify the in-
clination that resulted in a LS radiograph exhibiting parallel MTP alignment.
That angle was recorded for use in follow-up examinations.
In addition to the QC measures exercised by local technologists, LS radio-
graphs also were evaluated centrally within 2e4 weeks of acquisition to
conﬁrm parallel MTP alignment. Digital image analysis was performed to
measure the IMD at the midpoint of the medial compartment. Radiologic
technologists were directed to repeat LS radiographs when the IMD mea-
sured centrally was >1.5 mm.MENSURAL PROCEDURESMedial tibiofemoral JSWand IMD in digital imagesweremeasured with val-
idated edge-detection software (Holy’s software-beta19, UCLB, Lyon,
France). Within limits deﬁned by the operator to exclude marginal
osteophytes, the software deﬁned the contours of the medial femoral condyle
and tibial plateau and identiﬁed the location of minimum JSW. The edge-
detection capacity of the software was used also to deﬁne the anterior and
posterior margins of the MTP, the distance between which was measured at
the midpoint of the medial compartment. All measures were transformed
into millimeters, based on magniﬁcation markers imbedded in the positioning
frame. The intra-reader reproducibility [coefﬁcient of variation (CV)] of
minimum medial JSW, based on blinded repeat measurement of a random
sample of 39 LS radiographs, was 0.8%. The CV of IMD estimates was 8.8%.STATISTICAL ANALYSISLS and FF protocols were compared with respect to the quality and repro-
ducibility of radioanatomic MTP alignment and sensitivity to JSN. The quality
A C
B
Fig. 1. Positioning of the subject for the FF and LS radiographs and examples of parallel and skewed alignment of the MTP with the X-ray
beam. Panel A illustrates schuss positioning of the subject for both examinations. The pelvis, patella and great toe are positioned coplanar
with the ﬁlm cassette (knee ﬂexion 20). The FF protocol uses a ﬁxed 10 caudal angulation of the X-ray beam. In the LS protocol, ﬂuoros-
copy is used to adjust the beam angle to superimpose (1 mm) the anterior and posterior margins of the MTP. An IMD 1 mm (arrow)
indicates parallel radioanatomic alignment of the MTP (panel B). Panel C illustrates skewed MTP alignment signiﬁed by IMD> 1 mm (arrows).
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medial tibiofemoral compartment. Reproducibility of alignment was ex-
pressed as the absolute value of the difference between IMD values at base-
line and month 12 (DIMD). For both variables, smaller values were more
desirable (i.e., represented more parallel and better reproduced alignment,
respectively). JSN was quantiﬁed as baseline JSW minus month-12 JSW.
Sensitivity to JSN also was expressed as the standardized response mean
[SRM¼mean JSN divided by the standard deviation (SD) of JSN].
Within two subgroups of subjects (i.e., those undergoing the modiﬁed and
original LS examinations), paired t tests were used to compare IMD, DIMD and
JSN values obtained from LS and FF radiographs. Given the within-subject
nature of all comparisons, the signiﬁcance of differences observed between
LS and FF protocols was not adjusted for age, BMI or clinical center.Results
Mean age (SD) of subjects was 58 8 years. Mean
BMI was 36.7 5.5 kg/m2. Forty-one of 74 subjects (55%)
had K&L grade 3 radiographic severity of OA in the signal
knee at baseline; the remainder had grade 2 OA severity.
Fifteen of 27 subjects at centers adopting the modiﬁed LS
procedure were examined without ﬂuoroscopy at baseline
and follow-up; their results were highly similar to those of
the 12 subjects at centers where the modiﬁed LS procedure
was initiated after their ﬂuoroscopically assisted baseline
examinations (data not shown). The median number of iter-
ations of the modiﬁed LS examination required to produce
a knee radiograph that satisﬁed central QC criteria for par-
allel radioanatomic alignment of the MTP was 2 (range
1e4). Mean caudal angulation (SD) was 9.7 2.2.
Comparisons of modiﬁed LS and FF radiographs with
respect to quality and reproducibility of MTP alignment
and sensitivity to JSN are presented in Table I. Modiﬁed
LS examinations required only two iterations of the imaging
protocol to produce a radiograph that satisﬁed central QC
criteria for parallel radioanatomic alignment of the MTP
(maximum four). In contrast, IMD was >1.5 mm in 15 of27 FF images. Accordingly, mean baseline IMD in modiﬁed
LS radiographs was signiﬁcantly smaller than that in
concurrent FF radiographs (0.89 vs 2.06 mm, P¼ 0.002).
Moreover, modiﬁed LS radiographs exhibited signiﬁcantly
more reproducible MTP alignment than FF radiographs.
Mean DIMD for LS radiographs was 0.49 mm, compared to
0.91 mm with FF radiographs (P¼ 0.007). Mean JSN
(SD) in the 27 signal knees that underwent the modiﬁed
LS examination at baseline and/or month 12 was
0.25 0.54 mm; in concurrent FF radiographs, mean JSN
was 0.02 0.40 mm (P¼ 0.005). SRMs for the modiﬁed
LS and FF protocols were 0.46 and 0.05, respectively.
Parallel comparisons of original LS and FF radiographs
are presented also in Table I. The differences between orig-
inal LS and FF radiographs with respect to radioanatomic
positioning of the knee and sensitivity to JSN were highly
similar in both magnitude and statistical signiﬁcance to
those observed between modiﬁed LS and FF procedures.Discussion
Despite the growing interest in magnetic resonance imag-
ing (MRI) and other emerging technologies (e.g., serum or
urine markers of articular cartilage degradation and repair)
as methods by which to monitor structural progression of
knee OA, plain knee radiography utilizing validated proto-
cols for standardizing the radioanatomic position of the joint
in serial examinations remains the recommended approach
for documenting loss of tibiofemoral cartilage thickness in
clinical trials of purported disease-modifying OA drugs
(DMOADs)1e4. The continued acceptance of standardized
knee radiography for DMOAD trials is due in large part to
the strong track record of ﬂuoroscopically assisted position-
ing for enabling high degrees of reproducibility in measure-
ments of tibiofemoral JSW e the surrogate for articular
Table I
Comparison of LS and FF knee radiography protocols with respect to quality and reproducibility of radioanatomic positioning of the knee and
sensitivity to medial tibiofemoral JSN
Clinical centers
without ﬂuoroscopy (N¼ 27 knees)
Clinical centers
with ﬂuoroscopy (N¼ 47 knees)
Modiﬁed LS (MeanSD) FF (Mean SD) P-value Original LS (MeanSD) FF (MeanSD) P-value
IMD, mm 0.89 0.44 2.06 1.70 0.002 0.96 0.73 1.94 1.45 <0.001
DIMD, mm 0.49 0.37 0.91 0.72 0.007 0.49 0.50 1.00 0.86 <0.001
JSN, mm 0.25 0.54 0.02 0.40 0.005 0.16 0.37 0.01 0.51 0.007
SRM 0.46 0.05 0.43 0.02
Abbreviations: DIMD¼ 12-month change in IMD; JSN¼ 12-month JSN.
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graphic JSN19. While the procedures for current standardi-
zation protocols differ in terms of the element of
positioning that is guided by ﬂuoroscopy (i.e., ﬂexion of
the knee vs angulation of the X-ray beam), the common
standard for these protocols is to produce a knee radio-
graph in which the MTP is aligned in parallel with the central
ray of the X-ray beam.
The technical advantages of these protocols notwithstand-
ing, ﬂuoroscopically assisted knee radiography is becoming
increasingly impracticable in the United States due to the
limited availability of compatible ﬂuoroscopic equipment in
clinical centers conducting research on knee OA. For this
reason, as well as for cost and patient safety considerations,
teams of investigators have developed alternative standards
for knee ﬂexion and beam angulation that were derived
empirically to maximize the likelihood of parallel MTP align-
ment11,12. The FF protocol used in the present study utilized
schuss positioning and 10 caudal angulation based on PA
ﬂuoroscopic examinations performed by Peterfy et al.11 on
a sample of OA and normal knees in schuss position. This
standard was very similar to the typical angulation required
in the present study to obtain modiﬁed LS radiographs with
parallel MTP alignment (mean¼ 9.7).
JSW measurements from non-ﬂuoroscopically assisted
knee radiographs, including the FF view, are as reproduc-
ible as those obtained from their ﬂuoroscopically guided
counterparts11e13. However, biological variability in the
anatomy of the human knee often results in skewed radio-
anatomic alignment of the MTP despite empirical stan-
dards for optimal knee ﬂexion and beam angulation9,10,14.
This limitation has been associated with decreased sensi-
tivity to JSN in serial radiographs without beneﬁt of ﬂuoros-
copy, compared to ﬂuoroscopically guided examinations.
The results from the four clinical centers that used ﬂuoros-
copy throughout the present study to aim the X-ray beam
before acquisition of LS radiographs conﬁrm these
observations.
The need for easily exportable methods for knee radiog-
raphy that are highly sensitive to progressive JSN in knee
OA is critical. This need arose in the present study as inves-
tigators from seven clinical centers adapted their imaging
equipment to the standards of the LS protocol. Only two
of the sites had angulating tables with ﬂuoroscopic capabil-
ity, and one of these sites retired the equipment during the
study. The remaining centers had portable C-arm ﬂuoro-
scopic capability that, to varying degrees, proved logistically
difﬁcult to use as the units could not be lowered to knee
height. Customized stairs were fabricated by the coordinat-
ing center and shipped to the sites to enable investigators to
perform PA ﬂuoroscopic examinations required by the LS
protocol. Knee-speciﬁc beam angles determined under ﬂuo-
roscopy were transferred to general X-ray systems foracquisition of LS radiographs. While these adaptations in-
deed succeeded in preserving the sensitivity to JSN associ-
ated with LD knee radiography (Table I), enduring logistical
difﬁculties in three centers compelled the coordinating cen-
ter to innovate further and develop a hybrid examination
methodology15 that blended elements of the already similar
LS and FF examinations. The key feature of the modiﬁed
LS protocol was the immediate determination by the radio-
logic technologist (subject to further central QC) of the qual-
ity of radioanatomic alignment of the MTP and iterative,
empirically driven repeat acquisitions until alignment was
satisfactorily parallel. A limit of three repeat acquisitions
kept X-ray exposure (and cost) well below that which would
have accompanied ﬂuoroscopy. Our data suggest that the
modiﬁed LS radiograph was similar in performance to the
ﬂuoroscopically guided original in terms of both the quality
and reproducibility of positioning and sensitivity to JSN.
The modiﬁed LS protocol also was notably superior on all
counts to the FF procedure, which did not provide for
knee-to-knee variation in the anatomy of the MTP.
It should be acknowledged that this study utilized only
a modest number of subjects with knee OA (N¼ 74). How-
ever, any threat that small sample size may pose to the
generalizability of our results is offset to a considerable
degree by the fact that these data came from examinations
performed at seven academic medical centers across the
United States. The results of this head-to-head comparison
of standardized positioning protocols are not an isolated set
of observations. Rather, this analysis conﬁrms the critical
importance of parallel alignment to the sensitive measure-
ment of JSN that has been suggested by several cross-
study comparisons and reviews5e10,14,19.
While an X-ray examination that can require up to four it-
erations to satisfy QC criteria may present logistical chal-
lenges to a busy clinical radiology department, our
experience in the present study suggests that the typical
modiﬁed LS examination takes no more time than the ﬂuo-
roscopically assisted original protocol e especially in light of
the growing availability of digital X-ray systems. Moreover,
the cost (and radiation exposure) associated with additional
(typically one) plain radiographs is less than that associated
with ﬂuoroscopy. We, therefore, endorse the modiﬁed LS
procedure for use in multicenter clinical studies of knee
OA that require highly standardized, sensitive methods for
detecting disease progression.Conﬂict of interest
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